Background: Psychiatric comorbidity in alcohol use disorders is clearly established, however most studies ignore data on psychiatric symptom counts that do not meet criteria for a diagnosis. We examined psychiatric symptom counts and psychological measures in the domains of anxiety, mood and externalizing pathology in 48 long-term abstinent alcoholics (LTAA) compared to 48 age/gender comparable light/non-drinking controls (NC). Methods: Continuous measures of pathology (i.e., symptoms counts and psychological assessments) in each domain were compared between groups for: (1) all study participants, (2) excluding individuals with a lifetime psychiatric diagnosis in the domain, and (3) excluding individuals with a current psychiatric diagnosis in the domain. Results: Psychiatric symptom counts and psychological pathology were greater in LTAA than NC. The differences between groups on these measures were not reduced by removal of individuals with lifetime or current diagnoses. Conclusions: The bulk of the difference between LTAA and NC in psychiatric illness was carried by sub-diagnostic psychopathology. In comparison to the limited view provided by using only symptomatology that meets criteria for a diagnosis, the use of continuous measures of psychiatric symptomatology and psychological abnormality yields a much more accurate picture of psychiatric illness co-occurring with alcoholism.
Introduction
The high prevalence of comorbid psychiatric disorders in substance use disorders (SUDs) has been clearly established (Brady and Sinha, 2005; Grant et al., 2004a,b; Hasin and Grant, 2002; Hirschfield et al., 1990; Kessler et al., 1996) . Psychiatric comorbidity is a major issue that needs to be addressed in all studies of SUDs in order to disentangle those phenomena that are consequent to the alcohol or drug abuse/dependence versus those that are consequent to the comorbid psychiatric disturbance. However, most studies of SUDs, including the very large epidemiological studies (Grant et al., 2004a,b; Kessler et al., 1997; Regier et al., 1990) that have a major impact on our understanding of the magnitude of comorbid psychiatric disorders in SUDs, fail to measure psychiatric illness on a continuum. Instead, almost all investigations of psychiatric comorbidity coincident with substance use disorders only measure psychiatric illness that meets * Corresponding author. Tel.: +1 415 927 7676; fax: +1 415 924 2903.
E-mail address: george@nbresearch.com (G. Fein). diagnostic thresholds. Sub-threshold psychiatric disorder data (i.e., symptom counts that are short of the diagnostic threshold) are not presented, and one is left with the strong impression that diagnostic measurements (i.e., threshold measurements) completely address the presence of psychiatric morbidity in SUDs. In truth, relying only on diagnoses results in a great loss of sensitivity, in that only the 'tail' of the distribution of psychiatric comorbidity is examined, leaving the bulk of the data unexplored Hankin et al., 2005; Krueger et al., 2005; Markon and Krueger, 2005; Merikangas et al., 1998 Merikangas et al., , 2003 .
We have recently demonstrated an increased lifetime and current psychiatric comorbidity in long-term abstinent alcoholics (LTAA, abstinent an average of 6.7 years) compared to age and gender comparable normal controls (Di Sclafani et al., submitted for publication) . In that study, we acquired data on symptom counts that go into making the diagnoses of psychiatric disorders and on measures of the psychological abnormalities underlying the psychiatric disturbances. In this manuscript, we revisit the data from that study, examining psychiatric symptom counts and psychological measures both in individuals who did and in individuals who did not meet criteria for comorbid psychiatric disorders. We examine the question of whether there are differences between LTAA and NC in sub-threshold psychiatric illness. We then examine the question of whether removing individuals with frank comorbid psychiatric diagnoses (i.e., removing those with supra-threshold symptom counts and keeping only those with sub-threshold symptom counts) removes (i.e., controls for) differences in psychiatric morbidity between LTAA and NC.
Methods

Participants
A total of 96 participants were recruited from the community by postings at Alcoholics Anonymous meeting places, and through posters in restaurants, newspaper and Internet advertisements. Two groups were recruited: LTAA (25 men and 23 women), and age and gender matched normal control (NC) light/nondrinkers. LTAA needed to meet the lifetime criteria for alcohol dependence (American Psychiatric Association, 2000) , and be abstinent from alcohol for at least 6 months at the time of study entry. NC needed to have a lifetime drinking average of fewer than 30 drinks per month with no periods of more than 60 drinks per month. Exclusion criteria for both groups were: (1) history of, or current, drug abuse or dependence (other than nicotine or caffeine); (2) history of neurological disease; (3) history of head trauma, or cranial surgery; (4) history of diabetes, stroke, or hypertension that required medical intervention; (5) clinical evidence of Wernicke-Korsakoff syndrome; (6) history of schizophrenia/schizophreniform disorder.
All participants were informed of the study's procedures and aims, and signed a consent form approved by Independent Review Consulting, Inc. (IRC), the IRB that approved the study protocol, before participating. All individuals participated in four testing sessions (clinical, neuropsychological, electrophysiological, and neuroimaging); each session lasted between 1.5 and 3 h. NC were asked to abstain from drinking alcohol for at least 24 h before laboratory visits, and a Breathalyzer test (Draeger, Durango, CO) was administered to all participants before each session (all Breathalyzer tests were negative). Individuals who completed a session were paid for their time and travel expenses, and those who completed the entire study were also given a completion bonus.
Assessment
Medical histories and liver functions were evaluated. Participants were interviewed about their drug and alcohol use using the lifetime drinking history methodology (Skinner and Sheu, 1982; Sobell and Sobell, 1990; Sobell et al., 1988) . All individuals were assessed for psychiatric diagnoses and the presence and severity of anxiety, mood, and externalizing disorder symptoms using the computerized Diagnostic Interview Schedule-IV (cDIS) (Robins et al., 1998) .
Symptoms counts (SX#).
The number of symptoms of anxiety, mood, and externalizing disorders were quantified as the sum total of the positive responses to all direct symptom questions for each diagnosis screened by the cDIS. Unfortunately, the cDIS does not gather information on whether symptoms are current, unless criteria for a lifetime diagnosis are met. The symptom count for a disorder did not include the positive responses to indirect symptom questions (e.g., for depression: "Was there any time in the last 12 months when you wanted to talk to a doctor or other health professional about feeling sad, depressed, or empty most of the time?"). Affirmative responses to indirect symptom questions are counted by the cDIS as criteria toward a positive diagnosis of a disorder, but in our study were considered secondary consequences of the direct symptoms, and therefore not counted toward a disorder's symptom count.
Anxiety disorder domain measures.
Anxiety was assessed using the Reiss-Epstein Anxiety Sensitivity Index (ASI) (Reiss et al., 1986 ) and the State and Trait Scales of the State-Trait Anxiety Inventory for Adults (STAI-S and STAI-T) (Spielberger, 1983) . Anxiety disorder symptom counts on the cDIS were summed in the diagnosis categories of social phobia, agoraphobia, panic disorder, PTSD, the number of PTSD traumatic events, obsessive disorder, and compulsive disorder.
Mood disorder domain measures.
Depression and hypomania were assessed using the Depression and Hypomania Scales of the Minnesota Multiphasic Personality Inventory-2 (MMPI-D and MMPI-H) (Hathaway and McKinley, 1989) . Mood disorder symptoms on the cDIS were summed in the diagnosis categories of depression, depressive episodes, dysthymia, and mania.
Personality disorder (externalizing) domain measures.
Deviance proneness was assessed using the Socialization Scale of the California Psychological Inventory (CPI-SS) (Gough, 1969) , and the Psychopathic Deviate Scale of the MMPI-2 (MMPI-PD) (Hathaway and McKinley, 1989) . Externalizing disorder symptoms on the cDIS were summed in the diagnosis categories of conduct disorder and antisocial personality disorder (ASPD).
Family drinking density.
The Family History Drinking Questionnaire (Mann et al., 1985; Stoltenberg et al., 1998) was administered to assess the density of problem drinkers in the participant's family. Participants were asked to rate the members of their family as being alcohol abstainers, alcohol users with no problem, problem drinkers, or unknown. Family drinking density was defined as the proportion of first-degree relatives who were problem drinkers.
Alcohol use variables
Based upon participants' responses on the lifetime drinking history questionnaire, alcohol use variables were defined. Alcohol use refers to the number of months of alcohol consumption in the individual's lifetime, while peak use refers to the number of months of peak alcohol use. Average (avg) dose is the average number of drinks per month during periods of alcohol consumption over the subject's lifetime, while peak dose is the number of drinks per month during their period of peak alcohol consumption.
Statistical analysis
The data were analyzed using the Statistical Package for the Social Sciences (SPSS Inc., 2004) . Comparisons were performed in each of the three psychiatric domains (anxiety, mood, and externalizing disorders). First, psychological measures and lifetime symptom counts were compared between LTAA and NC groups for all participants in each domain, and then again after excluding participants with a lifetime diagnosis in the psychiatric domain being examined (e.g., excluding LTAA and NC individuals with a lifetime mood disorder diagnosis for comparisons of mood psychological measures and mood disorder symptom counts). This second comparison addressed the question of whether excluding individuals with a lifetime psychiatric diagnosis removes differences between LTAA and NC in psychological measures and symptoms of the psychiatric domain being examined.
A third comparison was conducted, comparing LTAA and NC groups after removing all individuals with a current (i.e., last 12 months) psychiatric diagnosis in the psychiatric domain being examined. That comparison was only performed for psychological measures. We did not compare symptom counts when excluding individuals with current diagnoses, since in gathering the symptom count data using the cDIS, we could not distinguish between lifetime and current symptoms. Finally, we did not perform this analysis for the externalizing domain since no participants met diagnostic criteria for a current externalizing disorder.
Because statistical significance levels are affected by sample sizes, we computed the effect size 'd' (Cohen, 1988) for all comparisons to facilitate assessment of group differences when all participants were examined, when participants with lifetime diagnoses in the psychiatric domain were excluded, and when participants with a current diagnosis in the psychiatric domain were excluded. To determine whether effect sizes were affected by excluding participants who met criteria for a psychiatric diagnosis, we created a data set with only the reduced number of participants (i.e., only those participants not meeting criteria for lifetime mood disorder diagnosis) and concatenated that data set to the full data set of all participants, creating a variable called 'exclude' that was set to a value of 1 for the full data set, and a value of 2 for the diminished data set. We then examined the effect of the 'exclude' variable on the symptom counts and psychological measures, as well as the interaction effect of the 'exclude' variable and the grouping (i.e., LTAA versus NC) variable. The main effect of 'exclude' measured the degree to which the dependent variables (symptom counts and psychological measures of a domain) were affected by excluding participants with psychiatric diagnoses (lifetime or current) within that domain. The interaction effect measured whether excluding participants with a diagnosis affected the magnitude of group differences on measures in each domain. These analyses were carried out using all measures in each domain in a multivariate analysis. Table 1 presents demographic and alcohol use variables for all participants. The groups were similar in years of education, but did differ significantly in family drinking history, with the LTAA having a greater proportion of first-degree relatives who were problem drinkers (F 1,92 = 32.08, p < 0.001). On average, the LTAA men drank 6.3 drinks per day and the LTAA women drank 4.3 drinks per day. NC drank an average of 0.2 drinks per day for men and women. LTAA had a peak alcohol dose that was almost twenty times the peak dose for NC. LTAA were abstinent from alcohol an average of 6.7 years. Table 2 presents the average LTAA and NC values for psychological measures and psychiatric symptom counts in each psychiatric domain (anxiety, mood, and externalizing). Comparisons between LTAA and NC groups are shown for all study participants, after excluding participants with a lifetime psychiatric diagnosis in the psychiatric domain (i.e., only participants without a lifetime diagnosis examined), and after excluding participants with a current psychiatric diagnosis in the psychiatric domain (i.e., only participants without a current diagnosis examined). Figs. 1-3 plot the mean of the difference between LTAA and NC groups on these measures, for the anxiety, mood, and externalizing domains, respectively. Confidence interval bars that do not cross the dashed line at zero indicate a significant difference between LTAA and NC groups on the measure being examined.
Results
Demographic and alcohol use variables
Psychological measure and psychiatric symptom count variables
Anxiety measures and anxiety disorder symptoms
When examining all participants, LTAA had greater anxiety on all psychological measures of anxiety (all p's < 0.01), and significantly greater symptom counts for social phobia, agoraphobia, panic disorder, PTSD, and PTSD traumatic events. The effect sizes for all anxiety measure variables varied from d = 0.34 to 0.78. After excluding participants with a lifetime anxiety disorder diagnosis, the number of symptoms and the magnitude of psychological abnormality were not significantly reduced (Wilks λ 10,155 = 0.920, p = 0.208), nor was the difference between groups in these measures significantly affected (Wilks λ 10,155 = 0.967, p = 0.873). Excluding participants with a current anxiety disorder diagnosis neither reduced the magnitude of psychological anxiety measures significantly, nor did it affect the difference between groups in these measures (both p's = 0.755).
Mood disorder measures and mood disorder symptoms
When examining all participants, LTAA had significantly greater depression and hypomania scale scores on the MMPI-2, and significantly higher symptom counts for all mood domain diagnostic categories examined. The effect sizes varied from d = 0.50 to 0.84. After excluding all participants with a lifetime mood diagnosis, the number of symptoms and the magnitude of psychological abnormality were greatly reduced (Wilks λ 6,136 = 0.829, p < 0.001), but the difference between groups in these measures was not significantly affected (Wilks λ 6,136 = 0.976, p = 0.755). Excluding participants with a current mood disorder diagnosis neither reduced the magnitude of psychological mood measures significantly, nor did it affect the difference between groups in these measures (both p's > 0.345).
Deviance proneness measures and externalizing disorder symptoms
When examining all participants, LTAA had significantly higher MMPI-PD scale scores than NC, significantly lower CPI-SS scores then NC, and significantly higher conduct disorder and antisocial personality disorder symptom counts than NC. In Fig. 1 . Mean (and 95% CI) of the difference between LTAA and NC on anxiety disorder psychological measures and symptom counts, computed separately for all participants, participants without a lifetime anxiety disorder diagnosis, and participants without a current anxiety disorder diagnosis. Fig. 2 . Mean (and 95% CI) of the difference between LTAA and NC on mood disorder psychological measures and symptom counts, computed separately for all participants, participants without a lifetime mood disorder diagnosis, and participants without a current mood disorder diagnosis. Fig. 3 , the CPI socialization scale scores are plotted as the inverse of the difference between LTAA and NC so that greater deviance for all measures is plotted as positive. The effect sizes for the deviance proneness measures and the antisocial personality disorder symptom counts varied between 1.37 and 1.69 (absolute value), which was much greater than that for the mood or anxiety disorder measures of Figs. 1 and 2. In Fig. 3 , this larger effect size is indicated by the greater degree to which the data (including its 95% confidence interval) is distant from the zero line in comparison to the measures in Figs. 1 and 2 . Excluding participants with a lifetime diagnosis of an externalizing disorder (13 LTAA and 4 NC) did not significantly affect the dependent variables or the group differences in the dependent variables (both p's > 0.12).
Discussion
There were four major findings in this study. First, there is greater psychiatric pathology in LTAA compared to NC. Second, the bulk of this difference is sub-diagnostic (i.e., falls Fig. 3. Mean (and 95% CI) of the difference between LTAA and NC on measures of deviance proneness and externalizing disorder symptom counts, computed separately for all participants, and participants without a lifetime externalizing disorder diagnosis. *CPI-SS values are plotted as the inverse of the difference between LTAA and NC so that greater deviance for all measures is plotted as positive.
short of criteria sufficient for a diagnosis). Third, excluding participants with a frank psychiatric diagnosis does not control for the differences between LTAA and NC groups in any of the three domains of psychiatric illness examined. Fourth, the difference in the presence and severity of psychiatric illness between LTAA and NC (whether individuals with a lifetime or current diagnosis are included or excluded in the comparison) is more than twice as large for antisocial personality disorder (ASPD) as it is for mood or anxiety disorders.
Previous research has described the high incidence of comorbid psychiatric mood, anxiety, and externalizing disorders in individuals diagnosed with a SUD (Di Sclafani et al., submitted for publication; Grant et al., 2004a,b; Kessler et al., 1997; Regier et al., 1990) . The results presented here demonstrate that the association between an alcohol use disorder (AUD) and comorbid psychiatric illness also exists for sub-diagnostic symptomatology and psychological abnormality in the mood, anxiety, and externalizing disorder domains. Our findings indicate that the effect of diagnostic status on comorbid pathology is relatively minor, and that the predominance of the difference between LTAA and NC in psychiatric illness is carried by sub-diagnostic psychopathology. It is easy to see, then, that using only the tails of the symptomatology distribution (i.e., diagnoses) is insufficient to control for psychiatric comorbidity in SUDs.
The importance of sub-diagnostic psychopathology is starting to be acknowledged. Angst et al. (2003) , examined subthreshold bipolarity, evaluating bipolarity epidemiology and proposing criteria for minor bipolar disorders. Similarly, Hankin et al. (2005) examined the question of whether depression is best viewed as a continuum or a discrete category, performing a taxometric analysis of childhood and adolescent depression in a population-based sample. Other studies have proposed ways to conceptualize and account for the continuous, as opposed to threshold-defined, nature of psychopathology. Krueger et al. (2005) and Markon and Krueger (2005) investigated externalizing disorders, such as antisocial personality disorders and SUDs. They introduced a quantitative, model-based approach to comparing categorical and continuous conceptions of psychopathology, and applied this approach in an empirical study of patterns of comorbidity among externalizing disorders. They presented evidence that comorbidity among externalizing disorders is best modeled by an underlying normally distributed continuum of risk for multiple disorders within the externalizing spectrum. Krueger et al. (2005) results support the concept of a single, heritable, externalizing 'liability'. As stated above, this externalizing liability is continuous (rather than discrete) in nature, and predisposes individuals to express externalizing pathology in varying degrees of severity. Substance use and antisocial behavior are important manifestations of an externalizing liability in an individual. The finding in the current sample is congruent with this concept; the difference between LTAA and NC is more than twice as large for ASPD as it is for mood or anxiety disorders.
The symptomatology of ASPD (impulsivity, low harm avoidance, boredom susceptibility/thrill and adventure seeking, poor learning from negative consequences, etc.) is very similar to the traits of addiction. Moreover, there is a different neural substrate for ASPD compared to mood and anxiety disorders. Mood and anxiety disorders are associated with a oversensitization of the hypothalamic-pituitary-adrenal (HPA) axis resulting in hypercortisolism (Arborelius et al., 1999; Plotsky et al., 1995) . In contrast, there is undersensitivation of the HPA axis (indicated by hypocortisolism) in ASPD, including substance abusers with ASPD (Deroche et al., 1997; King et al., 1990; Kosten et al., 2000; Moss et al., 1995; Vanyukov et al., 1993) . Markon and Krueger (2005) compared the fit of categorical and continuous models to the National Epidemiologic Survey on alcohol and related conditions (n = 43,093). Both the first and second best-fit models were continuous rather than categorical, confirming that continuous conceptions of externalizing liability (that are normally distributed) provided substantial gains in fit over categorical conceptions of externalizing liability. In summary, this body of work is consistent with our findings of: (1) the greater power of continuous versus categorical measures of comorbid psychopathology in distinguishing LTAA from NC, and (2) the stronger association of AUDs with ASPD versus with mood and anxiety disorders.
There are caveats to our findings. We are not making any statements regarding causal relationships between psychiatric and substance abuse pathology. Our study is correlational only, and our sample size is limited. Finally, our symptom count measures are lifetime measures, and do not measure current symptoms. (The cDIS interview does not collect information on which symptoms are current unless criteria for a lifetime diagnosis are met. Measurement tools, such as the cDIS, reflect the prevailing paradigm and then reinforce that paradigm via the application of those tools.) We have now modified the cDIS interview so that in our future work we can tell if symptoms are current. We believe it is likely that the samples studied here would differ substantially on current symptom counts since there are large group differences (comparable in size to those on the lifetime symptom counts) in the psychological measures, which assess current psychological state.
We believe our findings are extremely important to the field of SUD research. An accurate picture of psychiatric illness comorbid to SUD will only emerge using continuous measures of psychiatric symptomatology, rather than the limited view provided by examining only symptomatology sufficient to meet criteria for diagnosis.
